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(57)Abstract 

PURPOSE: To obtain a ferroelectric thin-film constitution body having a ferroelrctric thin film having the properly 
arranged c-axis direction perpendicular to the surface of a substrate regardless of the kind thereof even without 
ustng a conventional expensive MgO single crystal substrate in relation to a ferroelectric thin-film constitution 
body used in, e.g. a pyroelectric type infrared detecting element, an actuator or a nonvolatile and nondestructive 
memory. 

CONSTITUTION: This ferroelectric thin-film constitution body is obtained by forming an oxide thin film of a Bi- 
based layer perovskite type crystal structure on a substrate so as to properly arrange the (c)-axis of the crystal 
axis in the direction perpendicular to the substrate surface and farther forming a ferroelectric thin film having the 
perovskite type crystal structure represented by the general formula AB03 (A denotes one or more of Bi, Pb. Ba 
Sr. Ca, Na, K and rare earth elements; B denotes one or more of Ti, Nb, Ta. W. Mo, Fe, Co, Cr and Zr) on the ' 
resultant oxide thin film. 
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(54) METHOD OF MANUFACTURING CRYSTAL-ORIENTED CERAMIC 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method of manufacturing 
crystal-oriented ceramics where crystal-oriented ceramics 
consisting of an isotropic perovskite-type compound and having a 
high degree of orientation can be manufactured and where the 
composition of A-sfce elements contained in the crystal-oriented 
ceramics can be easily controlled. 

SOLUTION: A plate-like powder which consists of a bismuth- 
layered titanate compound and whose developed faces have a 
lattice matching with the pseudo- cubic {100} face of the isotropic 
perovskite-type compound is mixed with a perovskite-forming raw 
material which reacts with the above plate-like powder to produce 
the isotropic perovskite-type compound and surplus components 
including a bismuth oxide (a mixing process). Next, the mixture is so 
molded that the plate-like powder is oriented (a molding process). 
Furthermore, the plate-like powder included in the resultant mold is 
made to react with the perovskite-forming raw material and 
on/after the reaction, the surplus components produced by the 
reaction are thermally/chemically removed (a reacting and removing 
process). 
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(54) FERROELECTRIC THIN FILM CONSTITUTION BODY 

(57)Abstract: 

PURPOSE: To obtain a ferroelectric thin-film constitution body having a ferroelrctric thin film having 
the properly arranged c-axis direction perpendicular to the surface of a substrate regardless of the 
kind thereof even without using a conventional expensive MgO single crystal substrate in relation to a 
ferroelectric thin-film constitution body used in, e.g. a pyroelectric type infrared detecting element, an 
actuator or a nonvolatile and nondestructive memory. 

CONSTITUTION: This ferroelectric thin-film constitution body is obtained by forming an oxide thin film 
of a Bi-based layer perovskite type crystal structure on a substrate so as to properly arrange the (c)- 
axis of the crystal axis in the direction perpendicular to the substrate surface and further forming a 
ferroelectric thin film having the perovskite type crystal structure represented by the general formula 
AB03 (A denotes one or more of Bi, Pb, Ba, Sr, Ca, Na, K and rare earth elements; B denotes one or 
more of Ti, Nb, Ta, W, Mo, Fe, Co, Cr and Zr) on the resultant oxide thin film. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The oxide thin film of Bi system stratified perovskite mold crystal structure is formed on a 
substrate so that the c-axis of the crystallographic axis may gather perpendicularly to a substrate side, and a 
general formula is AB03 on the oxide thin film further. Ferroelectric thin film construct characterized by 
forming the ferroelectric thin film of the perovskite mold crystal structure shown. However, it sets to the 
above-mentioned general formula, and is one sort or two sorts or more in one sort or two or more sort B=Ti, 
and Nb, Ta, W, Mo, Fe, Co, Cr and Zr in A=Bi, Pb, Ba, Sr, calcium, Na and K, and rare earth elements 
[claim 2]. The oxide of the aforementioned Bi system stratified perovskite mold crystal structure is a 
ferroelectric thin film construct according to claim 1 characterized by being the following chemical formula. 

(Bi 202) the inside of 2+(Am-l Bm 03m+l)2- however A=Bi, Pb, Ba, Sr, calcium, Na and K, and rare 
earth elements - the inside of one sort or two or more sort B=Ti, and Nb, Ta, W, Mo, Fe, Co and Cr — one 
sort or more than 2 sort m=l, and 2, 3, 4 and 5 — [Claim 3] The ferroelectric thin film construct according to 
claim 1 or 2 which formed the up electrode on the aforementioned ferroelectric thin film, and used the 
substrate as the lower electrode. 

[Claim 4] The ferroelectric thin film construct according to claim 1 or 2 which comes to form an up 
electrode on a ferroelectric thin film while forming a lower electrode between the oxide thin film of said Bi 
system stratified perovskite mold crystal structure, and a ferroelectric thin film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the ferroelectric thin film construct used for the memory of 
for example, a pyroelectric infrared detector, an actuator, a non-volatile, and un-destroying nature etc. 
[0002] 

[Description of the Prior Art] Generally, a ferroelectric is spontaneous polarization PS, even if there are no 
electric field. It exists, and it is the matter which can reverse the sense by external electric field, and is 
extensively applied to the memory device of a pyroelectric material mold infrared detector, an actuator, a 
non- volatile, and un-destroying nature etc. 

[0003] For example, a pyroelectric infrared component uses the temperature change of spontaneous 
polarization, and when the sense of the spontaneous polarization in the matter is equal to the one direction, it 
can pull out the maximum output. However, most is manufactured with the ceramics of the polycrystalline 
substance, and since the direction of a crystallographic axis has not gathered, even if the infrared detector 
put in practical use now carries out polarization processing, it cannot arrange the sense of spontaneous 
polarization completely. 

[0004] In recent years, the demand of a miniaturization of electronic parts is increasing, and in order to 
attain this, use with the gestalt of a thin film attracts attention also into the ferroelectric ingredient. Also in 
that case, it is spontaneous polarization PS. The direction is confirmed by the ferroelectric thin film which is 
equal to the one direction, for example, PbTi03 whose crystal system i s ******, Pb(Zr, Ti) 03, and TiO 
(Pb, La)3 etc. — since a typical ferroelectric has the direction of spontaneous polarization in the direction of 
a c-axis of a crystal, if the c-axis of crystal orientation is perpendicularly arranged to a substrate front face, it 
can pull out the maximum output. 

[0005] As a conventional example which produces the above ferroelectric thin films, the ferroelectric thin 
film of the above chemical composition which is made to form in the front face of the substrate substrate of 
the MgO single crystal substrate which carried out the cleavage along {100} sides in epitaxial growth, and is 
manufactured is raised as described at JP,58-186105,A. Since the grid on the {100} sides of the above MgO 
single crystals has good grid and adjustment on the {100} sides of the ferroelectric of said presentation, if it 
forms [ spatter-] membranes or forms [ CVD-] membranes, heating a substrate at 550-650 degrees C, it can 
form an epitaxial film. Thus, the ferroelectric thin film of said manufactured presentation is a thin film with 
which the c-axis gathered perpendicularly to the substrate side, and the property is excellent. 
[0006] 

[Problem(s) to be Solved by the Invention] However, the above single crystal substrates of MgO had the 
problem of the ferroelectric thin film construct, the electronic parts further manufactured from the construct, 
and electronic equipment which were produced at an expensive price therefore using the above-mentioned 
substrate becoming expensive. 

[0007] Even if this invention was not proposed in view of the above-mentioned trouble and does not use the 
above MgO single crystal substrates, it aims at offering the ferroelectric thin film construct which has the 
ferroelectric thin film to which the direction of a c-axis was equal at right angles to a substrate side 
regardless of the class of substrate. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the ferroelectric thin film 
construct by this invention is taken as the following configurations. 

[0009] That is, the oxide thin film of Bi system stratified perovskite mold crystal structure is formed on a 
substrate so that the c-axis of the crystallographic axis may gather perpendicularly to a substrate side, and a 
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general formula is AB03 on the oxide thin film further. It is characterized by forming the ferroelectric thin 
film of the perovskite mold crystal structure shown. However, it sets to the above-mentioned general 
formula, and is one sort or two sorts or more in one sort or two or more sort B=Ti, and Nb, Ta, W, Mo, Fe, 
Co, Cr and Zr in A=Bi, Pb, Ba, Sr, calcium, Na and K, and rare earth elements [0010]. What is shown, for 
example with the following chemical formula as an oxide of the above-mentioned Bi system stratified 
perovskite mold crystal structure is used. 

(Bi 202) It is one sort or more than 2 sort m=l , and 2, 3, 4 and 5 [001 1] among one sort or two or more sort 
B=Ti, and Nb, Ta, W, Mo, Fe, Co and Cr among 2+(Am-l Bm 03m+l)2- however A=Bi, Pb, Ba, Sr, 
calcium, Na and K, and rare earth elements. 

[Function] As mentioned above, they are PbTi03, Pb(Zr, Ti) 03, and TiO (Pb, La)3 as a ferroelectric thin 
film. It is convenient in order to demonstrate the maximum output, when using for a pyroelectric infrared 
detector for which the sense of spontaneous polarization will use the temperature change of a set and 
spontaneous polarization if crystal orientation is arranged with a c-axis when using the thin film of a 
presentation. 

[0012] The compound which has the stratified perovskite structure of Bi system has structure symmetrical 
with low, and has the description which is easy to carry out crystal growth in the a-axis of a crystallographic 
axis, and the direction of a b-axis. If the compound of this Bi system stratified perovskite structure is formed 
on a substrate, it will be easy to take membrane structure by which is [ an a-axis or a b-axis ] easy to be 
formed in the direction of a substrate side even if it does not have grid adjustment with a substrate, and a c- 
axis is formed in the perpendicular direction of a substrate side. 

[0013] On the other hand, it is the grid and the perovskite mold AB03 on the a-b plane of the stratified 
perovskite structure compound of Bi system. PbTi03 of structure, Pb(Zr, Ti) 03, and Ti03 (Pb, La) Since 
the grid on a-b plane has good adjustment, if the thin film of these presentations is formed on the c-axis 
orientation film of Bi system stratified perovskite structure compound, having such grid adjustment, it will 
be easy to carry out c-axis orientation. 

[0014] therefore, PbTi03 which was excellent in the property of having a c-axis stacking tendency even if it 
did not use an expensive MgO single crystal substrate, Pb(Zr, Ti) 03, and TiO (Pb, La)3 etc. — it becomes 
possible to produce the ferroelectric thin film construct which has the film. 
[0015] 

[Example] Hereafter, the ferroelectric thin film construct by this invention is concretely explained based on 
an example. 

[0016] [Example] — in the following examples, the ferroelectric thin film construct was produced by the RF- 
sputtering method. First, in the example 1, 30Bi4 Til2 thin film was formed on the substrate by the spatter 
as an oxide thin film of Bi system stratified perovskite mold crystal structure. Having covered the target pan 
made from oxygen free copper with this powder using the powder of Bi4 Ti 3012, and the powder which 
mixed 20-mol % of Bi 203 to this, and making a front face into Taira as that target ingredient, it pushed and 
hardened and considered as the target. For the controlled atmosphere of a spatter, Ar is 90% and 02. Total 
pressure was set to lPa using 10% of mixture of gas. 

[0017] This was fixed to the substrate at the substrate holder using Corning 7059 glass, distance with a 
target was set as 10cm, and the thin film with a thickness of 0.5 micrometers was formed, heating a substrate 
to 650 degrees C. When structural analysis by the X diffraction measuring method and the component 
analysis by the ICP AEM method were performed about this thin film, it was checked that the obtained film 
is Bi4 Ti 3012 which is carrying out c-axis orientation strongly. 

[0018] Next, the 0.1 -micrometer platinum film was produced by the RF spatter as a lower electrode on this 
Bi4 Ti3 012 film. Distance of the target and substrate was set to 10cm at the spatter using the platinum plate 
target, the substrate was heated at 600 degrees C, and it carried out on conditions with a total pressure of 
0.5Pa in Ar gas ambient atmosphere. 

[0019] Furthermore, it is PbTi03 at the following conditions on the above-mentioned lower electrode. The 
thin film was produced by the spatter. In a target ingredient, it is PbTi03. Using the powder which mixed 
20-mol % of PbO, the target pan made from oxygen free copper was covered with this, the front face was 
pushed on Taira, was hardened, and it considered as the target. For a spatter ambient atmosphere, Ar is 90% 
and 02. Total pressure is set to lPa using 10% of mixture of gas, a substrate is heated at 620 degrees C, and 
it is PbTi03 with a thickness of 1 .0 micrometers. The thin film was formed. 

[0020] When the crystal structure of a thin film and the presentation which were acquired as mentioned 
above were investigated by the X diffraction measuring method and the ICP AEM method, it is strong 
PbTi03 of a c-axis stacking tendency. It turned out that the film is produced. Moreover, it was 95% when 
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rate of c-axis orientation alpha (%) was computed using the following formula from X diffraction peak 
intensity. 

alpha- {1001/(1001+1100+1101+11 10+11 1 1)} xl00[0021] Next, as examples 2-9, in the almost same way as 
the above-mentioned example 1 , the presentation of a substrate and Bi system stratified perovskite mold 
crystal structure oxide was changed, the ferroelectric thin film of various presentations was produced, and 
those rates of c-axis orientation were investigated. The above result is collectively shown in the following 
table 1 . 
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[0023] [Example of a comparison] It is Bi as substrate film on Corning 7059 glass as an example of a 
comparison over the above-mentioned example. The rate of c-axis orientation the case where a ferroelectric 
thin film is formed, and at the time of forming a ferroelectric thin film on the MgO single crystal substrate 
which carried out the cleavage in respect of conventional {100} is shown in the following table 2, without 
forming the stratified perovskite oxide of a system. 
[0024] 
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[0025] As shown in the example 1 of a comparison in the above-mentioned table 2, Corning 7059 glass is 
used as a substrate. It is Bi as substrate film on the substrate. As opposed to a thing with the very low rate of 
c-axis orientation at the time of forming a ferroelectric thin film, without forming the stratified perovskite 
oxide of a system If Bi system stratified perovskite oxide is prepared as substrate film like said each 
example by this invention, as shown in said table 1, a ferroelectric thin film with the high rate of c-axis 
orientation can be formed in the front face, and the case where the rate alpha of c-axis orientation of each of 
that example uses the expensive conventional MgO single crystal substrate shown in the example 2 of a 
comparison of the above-mentioned table 2 and an EQC — or it is more than it and a ferroelectric thin film 
with the very sufficient rate of orientation can be formed. 

[0026] Consequently, the ferroelectric thin film construct by this invention can be used as a ferroelectric 
component with the useful sufficient property to a pyroelectric infrared detector, an actuator, etc. In this 
case, after it prepares an electrode in the both sides of a ferroelectric thin film and it forms a lower electrode 
and a ferroelectric thin film in order like the above-mentioned example on the oxide thin film of Bi system 
stratified perovskite mold crystal structure, it forms an up electrode on a ferroelectric thin film. Or an up 
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electrode can be formed on a ferroelectric thin film, and a substrate can also be used as a lower electrode. In 
that case, although a ferroelectric thin film forms membranes, without forming a lower electrode like an 
example on the above-mentioned oxide thin film, it is natural [ of the ability of a ferroelectric thin film with 
the high rate of orientation to be formed in such a case ] 
[0027] 

[Effect of the Invention] As explained in full detail above, the ferroelectric thin film construct by this 
invention The oxide thin film of Bi system stratified perovskite mold crystal structure is arranged on a 
substrate so that the c-axis of the crystallographic axis may be perpendicularly equal to a substrate. 
Furthermore, a general formula is AB03 on it. Since it considered as the configuration by which the 
ferroelectric thin film of the perovskite mold crystal structure shown has been arranged The construct which 
has the good ferroelectric thin film of a c-axis stacking tendency is obtained using other cheap substrates 
rather than the case where a MgO single crystal substrate is used, an EQC, or it, without using a MgO single 
crystal substrate expensive as a substrate substrate like before. Consequently, there is effectiveness of being 
able to manufacture cheaply electronic parts, such as a pyroelectric infrared detector and memory of an 
actuator or a non-volatile, and un-destroying nature. 

[Translation done.] 
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